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were observed on soybean planted in September 2006 and October 2004 for TGx 1485-1D and TGx 1448-2E, respectively. Disease severity as measured by the relative area under disease progress curve (RAUDPC) was significantly (P < 0.05) negatively correlated with evaporation (r = -0.73), solar radiation (r = -0.59), and temperature (r = -0.64) but positively correlated with urediniospore concentration (r = 0.58). Planting date and soybean cultivar significantly (P < 0.05) affected disease severity, with severity being higher on soybean crops planted during the wet season than those planted in the dry season. Within the wet season, planting in May and July resulted in a significantly (P < 0.05) lower RAUDPC than planting between August and October. Yields were significantly (P < 0.001) related to RAUDPC during the wet season, whereby an increase in RAUDPC resulted in a linear decrease in yield. This study suggests that selection of planting date could be a useful cultural practice for reducing soybean rust.
Soybean rust, caused by the basidiomycete Phakopsora pachyrhizi Syd. & P. Syd., is one of the most economically important diseases affecting soybean worldwide (12) . Soybean rust was first reported to affect soybean plants in Japan in 1902 (14) . The spread of disease on the African continent started after the first confirmed report in Uganda in late 1996 (21) , and was subsequently reported east, south, and west of Uganda between 1998 and 2001 (18, 21) . The largest soybean-producing country on the African continent is Nigeria (9) , where the disease was first reported in 1999 (2) . Since the first report of the disease, soybean rust is now endemic in all major soybean-growing areas in Nigeria (38) . When no disease control measures are in place, infected plants defoliate prematurely, resulting in yield reductions. In Africa, yield losses due to soybean rust range between 20 and 80% (21) .
Control of soybean rust is currently based primarily on applications of fungicides (21, 25, 26) and planting resistant cultivars (8, 33) . However, fungicide application adds significantly to production costs and this makes it a less viable option, especially in subsistence soybean production systems in most developing countries. Thus, the use of resistant cultivars still remains the most economical and sustainable way to manage soybean rust in Africa. In Nigeria, breeding lines and accessions that are useful sources of rust resistance genes have been identified (37) and incorporated into high-yielding and adapted cultivars (33) and this has led to the release of the rust-resistant cv. TGx 1835-10E in 2009 (8) . However, even when sources of resistance are identified, it may take at least 5 years from the time of discovery to the availability of the resistant cultivar for use by growers. In addition, the ineffectiveness over the years of single dominant genes controlling rust resistance in soybean (12) means a continuous quest for resistance sources to develop new resistant cultivars. Similar to many other crop diseases, a successful management strategy for soybean rust will require an understanding of the epidemiology of the disease and implementation of good cultural practices in addition to the use of fungicides and resistant cultivars. Knowledge of disease epidemiology provides critical background information on factors that drive disease epidemics during the season (7) . However, knowledge of the epidemiology of soybean rust and the use of cultural practices to reduce disease severity is lacking for many West African countries, including Nigeria.
Choice of planting date within the season is a cultural practice that can affect plant disease development. For example, severity of stem rust on ryegrass for the second-year seed crop was intermediate between early-and late-planted first-year plots (30) , and the degree of reduction in disease severity due to planting date was greatest for the cultivars that had the highest disease severity in early-planted stands. In another study, the incidence of Fusarium wilt on lettuce sown in September was observed to be significantly higher than disease incidence in cultivars sown in either October or December (24) . In an analysis of soybean rust epidemics in Taiwan, Yang et al. (40) observed that onset of soybean rust was earlier on autumn-or spring-seeded than on summer-seeded crops and disease caused less damage in the latter cropping season. In southwestern Nigeria, soybean crops are normally planted as a sole, relay, or intercrop from May until October during the wet season (1) but there are no studies that document the extent to which staggering the time of planting influences severity of soybean rust. Furthermore, information on seasonal dynamics of soybean rust in Nigeria is still lacking. Knowledge of the epidemiology of the disease will facilitate identification of important variables that drive disease epidemics and provide a rational basis to improve disease management by altering planting dates. Thus, the objectives of this study were to (i) characterize the temporal dynamics of soybean rust epidemics in Nigeria, (ii) determine the influence of planting date on the development of soybean rust, and (iii) identify the main physical variables that influence soybean rust epidemics in Nigeria.
Materials and Methods
Field site and test material. The study was conducted at the International Institute of Tropical Agriculture (IITA) experimental field site at Ibadan, Nigeria. The institute lies on latitude 7° 31′ N and longitude 3° 45′ E at an altitude of 210 m above sea level in the lowlands rainforest belt with a bimodal rainfall distribution averaging about 1,500 mm and temperatures of about 25 to 32°C during the wet season (May to October) and 900 mm and 19 to 35°C during the dry season (November to April). Two commonly grown soybean cultivars, TGx 1485-1D and TGx 1448-2E, obtained from the IITA soybean-breeding program were used in this study. TGx 1485-1D is early-maturing and highly susceptible to soybean rust, whereas TGx 1448-2E is late-maturing and moderately susceptible to soybean rust (34) .
Planting date, experimental design, and disease and yield assessment. Treatments in this study were planting dates conducted from 31 August 2004 through 25 September 2006 at 30-to 45-day intervals for a total of 18 planting dates. A single field was divided into plots consisting of five 4-m-long rows with a spacing of 0.75 m between rows and 0.20 m between plants. Planting dates were randomly assigned to the plots and, for each planting date, cultivars were arranged in a randomized complete block design with three replications. Thus, the overall experimental design was a split-plot with planting date as the main plot and cultivar as the subplot. Plots were manually seeded, no fertilizers or pesticides were applied to all experimental plots, and disease was initiated from natural infection by P. pachyrhizi. During the dry season and whenever there were dry periods during the wet season, plots were irrigated twice a week for 4 h/day using an overhead sprinkler system. Field plots were manually weeded once during the cropping season.
Disease severity was visually assessed as percentage of leaf area affected with rust symptoms and was recorded eight times from the time of first disease symptoms through R6 growth stage (10) . On each assessment date, disease severity was recorded on three individual leaflets arbitrarily selected in the bottom, middle, and upper layers of five randomly selected and tagged plants in the middle row of each plot. The mean value of disease severity across all the three canopy levels represented disease severity of the entire plant that was used in all analysis. At maturity, seed yield (grams per plant) was recorded for all the plants in the three innermost rows and the resultant yield data converted to tons per hectare for subsequent analysis.
Monitoring weather variables and urediniospore concentration. Mean, maximum, and minimum air temperature; relative humidity (RH); number of rainy days; rainfall; evaporation; and solar total radiation were monitored during the experimental period and daily observations were recorded at IITA's Geo-Spatial Station at Ibadan, which was located 500 m from the experimental plots. Temperature and RH were measured using a Diplex minimum and maximum thermometer (Diplex Ltd., Hertfordshire, UK) and a hygrothermograph (Model H311; Casella Measurement, Bedford, UK), respectively. Rainfall and evaporation were measured using a rain gauge (Belfort Instruments, Baltimore, MD) and a U.S. Class A pan evaporimeter (ELE International, Bedfordshire, UK), respectively, while solar radiation was measured using a pyranometer (Model R41; ELE International). The mean temperature and RH were the average of maximum and minimum temperatures and RH recorded daily. The daily records collected from germination to the last day of disease severity assessment (at R6 growth stage) for minimum, maximum, and mean temperature; RH; solar radiation; and evaporation were averaged to obtain records for each planting date. Total rainfall and number of rainy days were the total natural precipitation and total number of days with natural precipitation, respectively, from germination to the last day of disease assessment.
Urediniospores during the study period between July 2004 and October 2006 were monitored by a 7-day volumetric spore trap (Burkard Scientific Ltd., Hertfordshire, UK) located in the middle of the experimental field and operated at a constant air flow rate of 10 liters/min. The sampling orifice was 0.5 m above the plant canopy. Petroleum-jelly-coated transparent tape (Melinex) mounted on a rotating drum was used in the spore sampler. Every week, the tape was replaced and the removed tape was cut into 48-mm-long segments, each representing a single day. Each segment of tape was placed on a glass slide and covered with a cover slip and scanned using a microscope at ×40 to determine the number of spores deposited per day. Counts were then recorded as the number of spores per cubic meter of air sampled per day. With the help of an airborne spore and pollen atlas (11) , P. pachyrhizi urediniospores were identified by their morphological characteristics: urediniospores are 18 to 37 µm by 15 to 24 µm in size, obovoid to broadly elliptical in shape with minutely and densely echinulated surfaces, and hyaline to pale yellowish brown (32) .
Data analysis. To characterize the temporal progress of soybean rust, disease severity data collected over time were fitted to nonlinear forms of the logistic and Gompertz models (22, 28) using the Marquardt's iterative method in the procedure NLIN of SAS (version 9.1.3; SAS Institute Inc., Cary, NC). The most suitable model for parameter estimation was determined using standardized residual plots, adjusted coefficients of determination, and asymptotic standard errors of estimates of initial disease severity and rates of disease progress (28) . Estimates of the rate parameter (r) and maximum disease severity (K) derived from the model with the best fit were compared among planting dates by analysis of variance after fitting the best model to observed disease severity values for each replication of the planting dates. Mean values for r and K were then separated with Fisher's protected least significant difference (LSD) test at α = 0.05. The product rK, an overall measure of the absolute rate of disease increase (4), was calculated and used to compare disease progress among the different planting dates for TGx 1485-1D and TGx 1448-2E. The parameter r is not an accurate measure of rate of disease progress if K < 1 (28) . In addition, disease severity values recorded over time for each planting date were used to calculate the area under the disease progress curve (AUDPC) as described by Campbell and Madden (4) . Because planting date could have affected the length of epidemic duration due to difference in disease onset and length of cultivar maturity, the relative area under the disease progress curve (RAUDPC) was used to compare disease epidemics from different planting dates (4, 22) .
The SAS procedure CORR was used to determine the physical variables that influenced the severity of soybean rust. For each soybean cultivar, correlation analyses were conducted separately for RAUDPC and urediniospore concentrations with the following weather variables: maximum, minimum, and mean air temperatures; RH; number of rainy days; rainfall; evaporation; and solar total radiation. The relationship among the above weather variables was also examined using correlation analysis.
The effects of planting date and cultivar on final disease severity, AUDPC, and RAUDPC were determined using analysis of variance using the GLM procedure of SAS and means separated using the LSD test at α = 0.05. In addition, a paired t test was conducted in SAS using the procedure TTEST to determine the consistency in the reaction of both TGx 1485-1D and TGx 1448-2E to soybean rust (final disease severity and RAUDPC as response variables) and yield with respect to planting date. To examine the effect of disease severity (RAUDPC) on yield, linear regression analysis was conducted using the REG procedure of SAS for combined data for both cultivars across all planting seasons and separately for the wet and dry season data.
Results
Weather variables. Rainfall amounts observed during the study period followed the expected bimodal pattern typical for the wet and dry seasons. Higher levels of total rainfall amounts (>150 mm) from germination to the last date of disease assessment (at R6 growth stage) were recorded for soybean planted between April and September in each year, while lower total rainfall amounts (≤150 mm) from germination to R6 were recorded for soybean planted in October to February in each year (Fig. 1A) . The lowest and highest total rainfall recorded from germination to R6 was approximately 50 mm (26 November 2004) and 500 mm (4 April 2005), respectively. The trend in the number of rainy days (from germination to R6 growth stage) was similar to that of rainfall (Table 1) , with total rainy days being higher in plantings conducted from April to September and lower for plantings from October to February (Fig. 1A) . The trends in mean solar radiation and evaporation were very similar and were mirror images of rainfall amounts, with solar radiation and evaporation being higher during the plantings from October to March and lower in plantings conducted from April to August (Fig. 1B) .
Maximum temperatures (from germination to R6) followed a distinct bimodal pattern similar to that of rainfall, with higher maximum temperatures (>32°C) prevailing in plantings from October to February and lower maximum temperatures (≤30°C) being observed for plantings from April to August (Fig. 1C) (Fig. 1C) . Unlike maximum RH, variations in minimum RH were more pronounced, with high peaks (>60%) for plantings from May to August and lower peaks (<60%) for plantings from September to April (Fig. 1C) . The mean RH was significantly (P < 0.05) positively correlated with rainfall and number of rainy days but significantly (P < 0.05) negatively correlated with the mean and maximum temperatures and evaporation (Table 1) .
Disease severity and disease progress. Planting date and soybean cultivar significantly (P < 0.05) affected severity of soybean rust (Table 2) . Cv. TGx 1485-1D had levels of disease severity consistently higher than TGx 1448-2E for all planting dates when soybean rust was present ( (Table 2) . Generally, disease severity was low on soybean planted from November to April the following year.
Although absolute means for disease severity were significantly different between planting dates, the temporal progress of soybean rust on both TGx 1485-1D and TGx 1448-2E was similar, and characteristic of a sigmoid curve (Fig. 2) . To facilitate interpretation of results, disease progress curves were grouped into four groups based on the quartile distribution of RAUDPC for each planting date. For example, group I consisted of planting dates (February and March) that had either no disease or very low final levels of disease severity, while group IV consisted of planting dates (August and October) that had the highest mean levels of disease severity. Disease onset on soybean planted in August and October was about 14 days earlier on TGx 1485-1D than on TGx 1448-2E, while onset of disease for plantings in June and July was about 6 days earlier on TGx 1485-1D than on TGx 1448-2E (Fig.  2) . For TGx 1485-1D, disease onset on soybean planted in August and October was 7 days earlier than soybean planted in June and July and 24 days earlier than on soybean planted in November and January ( Fig. 2A) . For TGx 1448-2E, disease onset on soybean planted in August to October and in June and July was not different but was about 20 days earlier compared with soybean planted in November to January (Fig. 2B) .
Temporal progress of soybean rust on TGx 1485-1D and TGx 1448-2E for all planting dates was best described by a nonlinear logistic model. Planting date and soybean cultivar significantly (P < 0.05) affected rates of disease progress (r), the upper asymptote (K), and the absolute rates of disease increase, rK (Table 3) . Absolute rates of disease increase were significantly (P < 0.05) higher for TGx 1485-1D than for TGx 1448-2E, the highest rK was observed on TGx 1485-1D planted on 25 September 2006, whereas the highest rK on TGx 1448-2E was observed on plants planted on 11 October 2004. For TGx 1485-1D, higher absolute rates of disease increase (rK > 0.075) were generally observed on soybean planted between July and October, whereas low rates (rK < 0.045) Fig. 1 . A, Total rainfall and number of rainy days from germination to the last disease assessment date at growth stage (GS) R6; B, mean solar radiation and evaporation; and C, minimum and maximum temperature and relative humidity from germination to GS R6, for each planting date from August 2004 to September 2006 in a field experiment to determine the effect of planting date on soybean rust severity in Nigeria.
were (Fig. 3) . However, the relative number of spores varied across planting dates and was highest around July 2005 and lowest in February 2006. There was also a consistent seasonal pattern or trend in the observed number of spores and RAUDPC whereby both urediniospore concentrations and RAUDPC were higher from May to October and decreased from November to April the following year (Fig. 3) .
Relationship between rust severity, spore concentration, and weather parameters. For both soybean cultivars, RAUDPC did not significantly (P > 0.05) correlate with rainfall amounts, number of rainy days, RH, and minimum temperatures (Table 4 ). However, RAUDPC was significantly negatively correlated with evaporation (r = -0.73, P < 0.01), solar radiation (r = -0.60, P < 0.05), and maximum and mean temperature (r = -0.64, P < 0.05) for TGx 1485-1D. Similar significant (P < 0.05) correlations between RAUDPC and evaporation, solar radiation, and maximum and mean temperatures were also observed for TGx 1448-2E (Table 4) . For both cultivars, RAUDPC was significantly (P < 0.05) positively correlated (r > 0.51) with urediniospore concentration.
The correlations between urediniospore concentrations and weather variables were very similar for both cultivars. For example, for TGx 1448-2E, urediniospore concentrations were significantly (P < 0.01) and negatively correlated with evaporation (r = -0.87), solar radiation (r = -0.86), and all temperature variables (absolute r > 0.78). There were also significant (P < 0.05) correlations between urediniospore concentrations and number of rainy days (r = -0.701), and minimum and mean RH (r = 0.73 and 0.70, respectively). However, no significant correlations were observed between urediniospore concentrations and either rainfall or maximum RH (Table 4) . Planting date and soybean yields. Planting date and cultivar significantly (P < 0.05) affected soybean yields (Table 5) . Across planting dates, TGx 1448-2E had significantly (P < 0.05) higher yields than TGx 1485-1D. In addition, planting date consistently affected soybean yields regardless of the cultivar, with the highest yields being observed for soybean planted on 31 May 2005 and 3 July 2006 (Table 5 ). In general, soybean planted in May through August or October (for TGx 1448-2E) had significantly higher yields than soybean planted between November and April (Table 5) . Yield for all the planting dates (wet and dry seasons) for TGx 1485-1D and TGx 1448-2E did not indicate any meaningful correlation between RAUDPC and yield (data not shown). However, when data were restricted to only the wet season in all 3 years, RAUDPC significantly (P < 0.001) affected yield, with an increase in RAUDPC resulting in a linear decrease in yield (Fig. 4) .
Discussion
In this study, soybean cultivars with different levels of susceptibility to P. pachyrhizi and having different physiological maturity periods were sequentially planted over a period of 3 years to generate seasonal windows that were different in weather, plant conditions, and rust epidemics. Temporal dynamics of soybean rust in relation to weather were quantified and the effect of planting date on disease severity was established. Disease severity increased logistically, as is typical of polycyclic epidemics such as soybean rust, and disease onset was earlier on an early-maturing, highly susceptible soybean cultivar than on a late-maturing, less susceptible cultivar. Furthermore, although planting during the dry season resulted in lower levels of infection than planting during the wet season, disease severity from sequential plantings within each season consistently varied from one month to the next, indicating that selection of planting date can provide a useful cultural control for reducing soybean rust severity in Nigeria.
In the presence of soybean rust within a given planting date, disease resistance in the two soybean cultivars was expressed as lower RAUDPC, rK, and Y o (initial disease severity) values. For example, rK and RAUDPC values for the moderately susceptible and latematuring TGx 1448-2E were 40 and 50%, respectively, lower than corresponding values for the highly susceptible and early-maturing TGx 1485-1D in plantings in July, August, and October in 2005. Similar observations in AUDPC and infection rates due to P. pachyrhizi infection of susceptible and tolerant soybean genotypes were also reported in Taiwan (13) . In a study to quantify development of soybean rust in Taiwan, Tschanz and Wang (36) concluded that the lower rates of disease development on the resistant cv. G-8587 was also an indication of general resistance. Thus, although no genetic studies have been conducted on the two cultivars used in this study, differences in the observed infection rates and disease severity may be explained, in part, by the inherent nature of cultivar resistance to infection by P. pachyrhizi (29, 37) and differences in host maturity (39) . Within a given planting date, disease onset was earlier on the susceptible TGx 1485-1D than on the moderately susceptible TGx 1448-2E. The consistent response of the two cultivars to soybean rust with respect to RAUDPC, rK, and Y o suggests that these three tools for quantifying disease resistance may be controlled by the same genetic factors (16) .
Planting date consistently affected soybean rust severity regardless of the test cultivar. Specifically, higher levels of disease severity were observed on soybean planted from July to October than soybean planted from November to April. The effect of planting date on disease severity can be explained by a combination of several factors. First, the amount of urediniospores present during the period between November and April was approximately four times lower than spore concentrations between July and October. Thus, in a variety of ceteris paribus conditions, infection is likely to be higher from July to October than from November and April. Second, the lower maximum temperatures from July to October may also have promoted disease development (20) . The minimum temperatures observed in this study were comparatively similar across planting dates (range of 21 to 23°C) and were within the range required for infection by P. pachyrhizi (21) . However, the maximum temperatures from July to October and November to April were <30°C and >30°C, respectively. Field temperatures of >30°C have been reported to retard the development of soybean rust (5) . Frequent precipitation combined with long periods of leaf wetness may also have contributed to high levels of disease from July to October, during which there was a higher number of rainy days and reduced evaporation compared with planting dates between November and April. An increase in the duration of leaf wetness promotes infection by P. pachyrhizi and development of soybean rust (27) . This increase in leaf wetness duration can be due to either increased frequency of precipitation or reduced evaporation of available moisture on the leaf surface.
One of the objectives of this study was to determine the extent to which staggering of planting date can be used to reduce soybean rust severity. Although differences in rust severity were observed between the wet and dry seasons, significant differences in disease severity were also evident within each cropping season. The low disease severity and yields observed during the dry season most likely were due to the direct and indirect effects of evapotranspiration. For optimal productivity, high rates of crop evapotranspiration need to be offset by a corresponding availability of adequate mois- ture (17) . However, moisture was limited during the dry season because the irrigation capacity was not able to supply all the soil moisture needed for normal growth. Because P. pachyrhizi is an obligate pathogen, any variable that limits crop growth will also affect disease severity. This low level of disease coupled with low yields was perhaps the main reason for the lack of correlation between yield and disease severity when analysis was based on combined wet-and dry-season data. Indeed, a significant effect of disease on yield became more apparent when only data from wet season was considered. Thus, the use of planting date to reduce disease may only be practical during the wet season. During the wet season, soybean planted between May and July had significantly lower RAUDPC values than soybean planted between August and October, regardless of the test cultivars. Yields for soybean planted between May and July were also comparable or even higher than for soybean planted between August and October, regardless of the test cultivar. In southwestern Nigeria, soybean is relay cropped with cassava and maize from May to October (1). In these areas, farmers plant two soybean crops a year, the first crop during May and the second crop during September or October, often in the same field. However, after the introduction of rust, farmers abandoned the second planting because rust inoculum from the first planting often devastated the second crop. In several pathosystems, early or late planting within a growing season has also been shown to greatly influence plant disease development (24, 30) . Results from this study suggests that planting early within the wet season (i.e., May or June) can substantially reduce severity of soybean rust without a substantial yield penalty. Based on these considerations, selection of planting date may provide a useful cultural control for reducing severity of soybean rust in Nigeria and in West African countries with similar weather and cropping patterns. In Taiwan, planting soybean in the summer has been shown to delay the onset of soybean rust compared with planting in spring or autumn (3). It was suggested that physiological age of the soybean plant was responsible for the difference in disease severity between summer versus spring or autumn planting (35, 40) . In this study, we did not examine the influence of maturity duration of the soybean cultivars on differences in rust severity during the wet and dry season and we recommend further studies to establish whether such a phenomenon plays a role in suppression of soybean rust in tropical climates of West Africa.
Several studies (5, 20, 23, 27) have been conducted to determine the important physical factors that influence infection by P. pachyrhizi and development of soybean rust. Our results are in agreement with previous studies where temperature, duration of leaf wetness, and solar radiation were reported to affect soybean rust severity. However, we did not observe a significant correlation between rainfall amount and number of rainy days with disease severity. A similar lack of influence of rainfall on soybean rust has also been reported in Uganda (19) , where rainfall did not influence rust severity prior or after the mid-growth period of soybean. In Taiwan, a study to determine the effect of rainfall on rust development in three planting dates over 2 years showed that the timing of the first rain and the amount of rainfall during the season were key factors affecting development soybean rust epidemics (35) . In another study, Del Ponte et al. (7) improved the correlation between rainfall and soybean rust severity by using only accumulated rainfall for a 30-day window following disease detection. The number of rainy days over the same 30-day window following disease detection also was a good predictor of maximum disease severity (7). Thus, our inability to detect a significant correlation between disease severity and rainfall could be related to, besides other factors, the larger temporal window (approximately 55 to 62 days) for which the two variables were examined. Although it appears that rainfall is a variable that promotes rust epidemics in the field, the direct or indirect biological role of rain in the epidemic process is still not well established (6) . RH (>80%) has been reported to be necessary for infection (21) but we did not observe a significant relationship between disease severity and RH. Rather, we observed a significant positive correlation between RH and urediniospore concentration. It has been suggested that RH may affect the timing of spore release and spore survival (15) but quantitative information is still lacking. Although the effects of irrigation on the correlation between moisture variables and soybean rust severity were not evaluated in this study, it is unlikely that irrigation could have had an impact on the results presented here for a couple of reasons. First, irrigation was applied during the dry season mainly to ensure survival of the crop during the experimental period. Second, the dry season was characterized by high evaporation rates, and soybean rust was either absent or very minimal during this season. The high evaporation rates suggest that the effects of irrigation during the dry season would be very short-lived to meaningfully affect disease severity by either increasing the RH or prolonging leaf wetness.
This study examined the effect of planting date on soybean rust severity and provided a basis for selecting the planting date within the wet season to reduce disease severity. Further, we determined the key weather variables that influence disease development and availability of urediniospore during the season. Information on the effect of meteorological factors on epidemiological and aerobiological components of soybean rust can be expressed in the form of mathematical functions or rules that use single or combined factors as predictor variables. Several soybean rust forecasting systems use such information individually or integrated to predict the risks in real time during the season or assess the risks of the disease under different climatic scenarios (31) . However, due to differences in weather patterns and disease dynamics, prediction systems developed, for example, based on meteorological variables in China or the United States will not necessarily be accurate predictors for the disease in West Africa (6) . Thus, information generated from this study provides a working framework for developing a TGx 1485-1D is early-maturing and highly susceptible to soybean rust, while TGx 1448-2E is late-maturing and moderately susceptible to soybean rust. Asterisks *, **, and *** indicate significant correlations at P = 0.05, 0.01, and 0.001, respectively; ns = nonsignificant. 
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